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(54) SEMICONDUCTOR LASER CONTROLLER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To control the optical output 
by forming an error amplifier for controlling the 
forward current of a semiconductor laser and a current 
drive section for feeding a drive current corresponding 
to an emission command signal, as a forward current, to 
the semiconductor laser on one chip of an integrated 
circuit. 

SOLUTION: An optoelectric feedback loop 6 is formed by 
connecting a semiconductor laser 3 and a light receiving 
element 4 in loop while including an error amplifier 8. 
Output from the semiconductor laser 3 is monitored by 
the light receiving element 4 and the forward current of 
the semiconductor laser 3 is controlled such that the 
optical output is equal to an emission command signal 
IDAt generated from a pulse width generating/data 
modulating section 2. A constant current source 7 
functions to feed the semiconductor laser 3 with a 
forward driving current corresponding to an emission 
command signal IDA 2 generated from the pulse width 
generating/data modulating section 2. Consequently, the 
optical output from the semiconductor laser 3 can be 
controlled basically by the sum (or the difference) of a 
control current from the optoelectric feedback loop 6 



and the driving current from the constant current source 
7. The modulating section 2 and the driving section 5 
are integrated on one chip. 
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M*. h5>^*Q6 . Q7 fttfh 5 5 2^5 

TflfeaSftSxS y#7#dC54 «:^l>TISI§i:^ 
ft U— !f 3 (DmtjftWfat fc*. 
[0 0 4 3] ZLdtC, *SESfiCW!9BtfeV\Ttt. ti&L 

j: e> ku mmiztmft. u— y 3 &igi&-r sigur h 5 

>2>** 5 2 il^iR e H*m8m&3 2lZftLTfttf 
^■ti:$tvT^^So ZLCOIE© h^>i?x^ 5 2 t^aR e 

«fc e> t£.m8.<nw&. u-mm ■ mm® 5 miz 

*<* ffi*«K V %T fc-frv M£v M»m A T'+^-T-feS. ft 
oT> M^m^JiHS^U ^lib (LSI©BB») 
,gi:«:So Hi OiCwTEllStcfev^ m§F»SH 4 
G)«/£2/■7hfi5:^UTV^SO^, ^5tR2 , R3 , 

if30tW»7iWcjd*?4l&os*«*y, 

#1/— !f 3 0®4>*^&^S:SS[4J4^»^ffiSI54 6T* 

ICfcU, StfiELfcEI5 (b) {C^Lfc«fce>^)tai*Ps 

[0 04 4] *fc, HI OkjR-TIBIIlCfeV^T, 
^X^Q 2 . Q3 ^T'^3nSMIST>^5 ltt. £ 
IRR4 Cfelf^T«W8EEVccJ:yffl|lflnf«Ei:UT-f-© 

# i/-if 3 ©^m^j fe y 7/M -i j*n9m ut v 

t% mmsm^mmzmmxsT^z. pdss 

^ (^l^^-^SPm 1 8&&SP4 2 a h 9> y 

^5 1 (CA^7-f -SittST. h5>y^*Qn, Q12. IB 
%R6 «r^-LT«a»S:*»»Tfey. iC5S»T>^5.1 
£>m/±y-f >S«*tR5 . R6 ®IS*/ilBc:J:y«ftU 
^-<>S:/J^<-rS„ 3tllCj;y, 3<DgUT>^5 1 
03S3lM?SS5C ; &«fcyiS< L«W*KS:iaLha-eTV\s. 
ZLZllC. ^5tR5 , R6 t**WW*7'i:anTV^. Z. 
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*ie>©JgfitR5 , R6 0>immZ:mtt<-&?>Z.£lZ£*) 

[0 04 5] ?3©»£3tf$&gs&&ffiU 

09T?tt, ^S^^SH 7, Sgt94^5&^ 
ffigP4 6, *^Ug|S4 8^in«mS^^SlS4 9{C«fc»J 

fi&££*vrvv2>. iftcty, etd&ifticii, ^s^y 
4 6{c«fc»j^ffi-rs 0 ^amai&i&ttvto* a\zm 

J£g04 9©S8fcffi5:taj£-r«5. ^^©IWttmzgt&A 

XKif^i: LTfJfoti*. iWWWWctt. itJ3ISSiEI8£ 
04 9©®8&ffi&<68f-*.5o tiflBJKNllHtS 2* 

B5ot£ *kwkr i o i jwkw e>*vr v ^s. 20 

[0 0 4 6] &<,vT% 9&&B*flPHB@V4 1S« 
JB^m-f-^SP 4 2 ©/ W jK- 9 h 9 > 57* * V ^ 
BftlftfflM&Hl lfttfHl 2 tea**. 

[0 0 4 7] *-f, Ifcfcfi^-g-SBJfeBM l©#fcfc£L 

rii, 5§3t#i^m#^3P4 2©«hs8j& annas^ 

*-x&mmm. mr, mmtm^&m* 2©« 
ffittmmmm* 9©««i:«ga»s-eT*wM» 

m 1 1 iso*-*ii»»c j; y awt *. 30 
[0048] mm^m^^mu 2 ©wffls&o. k 

' 'iC ffjfE^JI^fi-^^SM 2©«^I 
DAI t*. B!aitWlCtt5b1BlH s '4flD s E-*«fiIpDT»S 

<dt\ m%3 2 (lsi) i*i8P©i&«fb©gas& 
©i^3ns&#irc%«<&ig#%&. £©£*&. b^y 

^ttT'&SVREFlli^-SfitS: h 5 > * G>72~Q75 40 
S. *UT. VRS»«:*MHSBRF-i:L-T, 2£fitR4l&*S 

3fem*fc#*fc«>©iitttf^fcjfi:a. 

[0 0 4 9] iD^mg!El2^@|J4 9©S8fe|8j£tt, 

s>*#Q78©x$ * *«awaeiR42i:cJ: y«*u 

iDA2SETiSB- < fc»;iimc«s!Eia^g|j4 9^ffi^-rs. ZLH 

tC, h5>5*X#Q78©X* *y#®&«:b^>£;;X#Q 50 
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71©x*>y*Sfii;«{f|Hm&i:fcS©T% 
*Q 7 1©X* <y*m&#h^>i?;*#Q71, Q76. 
Q77. Q78Sr^L/T-©^^>^*Q78©x*^^ < S 

[0050] mcft^g^mmw 2<?>«-xmmm 

•*fl»4j*»4 2©SS!slDAl ». SSSlPD. BPt., ± 

z.z.iz. mi nz^tm 

»#ft*«l©®&, H55>y:**Q7i©xSy*Mttfci:» " 
ffiR4i£T^S;ft£^S^«#S*m^T'2D5. ■*£ 
T*, £©3»«Wi*l/>M9HIII&5 6Tfi!(g3ft - 
&ofr©h^>£^#£i|£l£LT®SfclDAl 4:L 

r p das?** e>ssms„ &o*>>© b^y * &m&-t 

*. £©£3&'<-;UnRM£l;£. 5^MiDD/A^ 
gHW»®#^vl* (bO, bl, b2, b3, b4) T? 

^>^^Q77© / <-^®SS£fi:S:i^'t'2>. "3*»J. * 

r^tum-r^ z. n iz <t y , ^- ^msiEic <t -s^ns^© 

[0 0 5 1] Ell 2lCaVTlSS&iifi&±. 06JC 

iRLfc^ , avi'HtcBst+*. 06&#^-rtiii. ma 

lDA«tt»© h5>y^*K:J: y«fta*lfcD/ASE« 
*13, X-f v^->yh5>s;x4ttcj:«iH6^>f y^- 
14 b, h5>y^#»CJ:««»-«EBfift» (I/V 

1 5 b &^LTSgn-5 0 ±3*LfcJ:iJC W& 

1 DA^3ne>©*»<oti»© h 5 y # fcaa-tsw 

[0 0 5 2] &{C. «^fl^©-^^gg|$4 2©mSSi:SD 

•t&SMtiz-o^xwffl-tz. mmLt^^iz. 
jcjiyttjeans. ±»SLfcj:^»ch9>s;^* 

Q71 ©i 5 y * mfitiVREFl ltfHHttft S: A^J U h 5 
y ^ Q72~Q75^T*^S$ tis 5if;ux- i?7*.av 

5 5©ffi*i:*oTV^*. -^^T% VREFllSS^-tsU^'JtC 
ig£/tR43. R44> h5>^#Q79fe^bTVCQNT SB?- 

ICfcy, 3©fOPmffitC«fcoTh^>^^Q7i©x^ 

2 ©SSl5i:itfflC«SfEl8^SP4 9 ©SSigt *mb 

s„ z\ay^L ybtajjommw&zms (b> tc^Lt 



t 
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[0 0 5 3] mm^m^&mU 2iZ^X 

si 2zmnLxmi-r&. zomwfr&m^&m* 

2ti5tf>yh (b0, bl, b 2, b 3, b4)©D/ 

ftytm^m^zmu 2*©D/Aja«wcj:y7 s s;* 
;ws#^e>T^-ny^(ca^ians 5 tr«y h©-rt;* 

J^r-*^ 09tp^bfePWM&PM^^g|J3 
1^6)PMDATA Gfc&aStSHfl-^) £LT-£;te>*l 10 
£=fc)©T'&-5. 

[0 0 5 4] fcofcfc, «k »JlWI«3WtmA©«te3W& 
Mfc^lCli, D/Affl«BW)lfyh»«:*IPf>LT*;J: 

D/ASS»^irvHR&i*&-i-J:3K:LT*»J:v\ * 

mx&<mmx\-t. D/A$gm\**> i/y s $ 5 -Eg&i: 

[0 0 5 5] ttffiftnmttflSii. ®Si£lDAl £*e>BM 
WMt.*:£*h9yi?7>*Q8b 082©^ 20 

>3?*4Q4, Q5 ©"C-XtOJErt* S. 

Q81. Q82®^ 5 v I DAI ©S&fSfflfe-?-©* 

SfiBBfcLfcWfcfcfc*©^ 01 Oicgrf «fce>lc b^y 

^x^q 4 , Q5 T«aansie»x-fy^-5 3ic»vx 

[0 0 5 6] SI 3lC£fca01D&3 2 t£©/t;t/*i|i 

• tt§SBMff9£jS8lS3 1 W©<fc y AttttftRftflf 30 

b (apt., an) , mg&mtsxvb w*>* 32 

ZM£r£, -&ff*Cl Kv HSfcU 8hfy HF^S (2 

set) fcffiaw»6*i*«fc-f*. £©AM/;*wai 

•ttBBOMI^&ftaiSS lit. MA.lt ^-*^&3!S6 

i£, /W**BaPI»6 2i:, p L LflWtavM/*** 

IHK»6 3fcfCj:y***SftTV»*. 

SOT, t««W*««t5. 

[0 0 5 7] Z.Z.IC, gffiBmZ 2\Z^^XWm.-T-Z 40 
D 0 ~D 7 #A#Stt*A*»a<D^CoV*Tm 4 

(a) &tf014 (b) fe«S0TSWM- 5. -/VfiK- 
5h5>y**|»a©JIH«l»3 2tfc IS&-r-*#A 
*S tl&T- * 6 1 (DAXmzim 14 ( a ) iZ 

EB&7 1 tfRtt&tlTlrtS. i©ECLE»7 11420 
©*f£fc1-h7>S>X#Q a , Qb ®x$<yjtn±&M 
■H6RLfc*»©T», £ft&©x3y*|ctoHat8fiR7 2 

*^Esnx^s„ z\ziz, KnaECL[ss&7 nihv 

Q a , Qb CD^-XSffiVa , Vb ICgiLTV 50 
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a - Vb OM&±2 0 0mViSS*l«J&i*^t5 
«oT, mtfm&Vb ©te£B£Lfc# 
^T?*ft»i. ®&V a i:LTl±V a SVb +2 0 0mV 
T*fe»J, gVM*. V a ^Vb -2 0 0mVT»*y, tfe> 

T. V a (DmEE^yV&H LXit 5 0 0 mVfetllf+ 

[0 0 5 8] £©J:3jM«^&»*+ECLIBK7 1C 
*Jt5:$-B:T^ei»S3 2lcA±$tiSHHi7 ; -^l*, Si 
?£©«£* -f^fiO - 5VjW. ±130)0 - 5 

0 0 mV»C«B*SftTA#S*l* J^ICflMtSftTV* 
■5. AfmtCO. 014 ( a ) KaVfJ: i lCSE^-f > - 
y*0~5V©lttx-*#>J!7aft6^-**7 3* 
©eS£»»±K:iSKRa jWKW&*U ^©^£f«ii*&£« 

Ksvarngm-tamizmiRb #»w&*u 

a . Rb ©«BtibWI&9 : lKKftSJlTV^* («?L 
tf. R a =1. 5kQ, Rb =1 6 5 Q) . Z(D£$& 

[0 0 5 9] Zl©J:3JfcBR»Cj:*Ui. *gfitR a CA* 
SftSHt*?-**^ - 5V©mffi^.-f>^*S:^-t-t 

esjssis&tig&iRb £<Dtm& (a*j£) ©watt 

iS&tRa . Rb ©fiWH3C*y4. 5-5V&5S-T. «fc 
ot, 3©g^^T*©mEXW>^JI«0 - 5 0 OmV 
ft* 1/1 OtC3£Cib*iT^ftWHlS!&3 2*©ECLHIS!& 
7 lffi!|{CA*$tV*„ 33fC, B#5S&TlCggLT. t = 
CR = C- (V/I) Sr#A.St, A^n-SmE^-Y 

-r-*«Sa6©?Kaft««Br«Bi:a:*. IS^Icii, 7 0 
~8 0MHzSfl[*TKBefla6(SHm4:a:S. *fe. zcd 

y ut^i < * y . x*^/^- wjctwsi i/ioo 

IZW&tZ ©T% ««*f b SH* J:7?#PJK:a: S fe'ttT* 
ft<, EMift^Ltt^ffiJiifcS. $e>icti, z:<D«fee> 
&A*»*«>f > ^>^S^imS& 7 4 LT^«$ 
tu XJ]T-ZV>EM*)1&Z\z<^*>0)t.t£Z. 
[0 0 6 0] asjs, <<y\z-#y73&gmshi a\z&z> 
K)M*ffi$ftZ>±.X, 014 (b) tc^-r<ke)ic, s 

[0 0 6 1] ^©11^-^5:015 (a) \Z 

W3& $:0 1 5 ( b ) looVf «fc e> ftS&V/ 2 ©iEi&S?S 

Mis (c) io*i\fce>&®&v/2©;fy&gi eg 
ei&s) ta^t©jffl^B:tc2^fiiu 2*<D&mm\z 

TA5Wl/{CA*$it-5<ke)ICUT : fockVS j:yj^n 

icti, 01 5 (b) \z^&^t£immm\zm-3<m 

E C LEB& 7 1 © h =y yVT. 9 Q a - MCAiJS-ft 
015 (c) tC^1-«fce)ft^ifeaia^tcSt3<^5:E 
CLIUSS7 l©h5>i;x^Qb «9lCA*S-&, Pl#© 
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mfczftt^gm^zisttzx-tsh^y*?** time 

lE^fcitifcli: ©ffl£i*K: J: 5 fc«>, 2 50 

[0 0 6 2] Z.<D£$tjiAjrfti&Z£tU& X*;^- 
~ (SEE) 2 T'feSfetf), 015 (a) tC^1-«J:e>fc# 

£»4H14 (a) ■jT&m&Vil/Al.ZWL'p-tZ. £ 

fc, y>fx««ff^«^Tf*oTfe j-fxtasmL £ 10 

[0 0 6 3] dGDi-MCLT, 3**86©J!0Wcj:*lti. 
/WattO! • &OTSm^£f£ffl53 1 £!Fm\s-9 
Wffl • mm® s Mfi£x/UiX-5 h^>^x*lc<fc y 

i**:/©*h«b»3 2 fcUTaawbSfiT^scD-e, 

l K>y M*T?©An/*«MI • 3af©SH85^:£5S;K3fc • 

«^A!if®;i/- ^ e +mnm&mmffltt <hs (a) 

&t>*H5 (b) #M) &ioi*bTiNWtu--!f3fflWB 20 
fe«fl»-*-*lc?£ffcy, /J>STN«*ft«6*L»Si:i: 

fctC, 1 y -fO&mm 3 2 ftT'^T&JiStvS©"? 

[0 0 6 4] *js.yy&jm4 nt. mm 
t*»*. «k y matem 1 6 tc^-r «t e> asm 8 1 1 

[0 0 6 5] a^^&^ffias4 6«. «*.«. tffSB 

KHD& 8 3 fc, zl©-9->-/;^-;i/ FEES 8 

3 ©ffi;fr^£m^fcJ£8irtSi:t8ftf 8 4 fcIC J: y«WE 
[0 0 6 6] *^U»4 814. J£«Hft8 4©Jt«l»g*& 

*^s.y>f&&M4 7tcj:y^iasn**-f §>^ti 40 
~T5tcisf»iUT^t-rs«iii$:^-r-5o sn»ssisis^ 

SP4 914. «*.tf. 5 t^y h©D/AlQ&S£8 5{C«fc y 

[0 0 6 7] &{c, z.ne>®#SP©«^. tfw^-av* 

>y^*ic**liiHH(W6«S:iai7»C5«-. -fx 
S/-v9-fX»(0|WBB(^S:ig2 0lCn%i-. h5>S?** 
Q22<03l/^^«firVQ22C (TDSTART4g?-©®£) jWH 
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If. h^>S>:*#Q22©3U**«8fc#;*>©B${Ch^ 

>^^Q2l(o^^^^®sgJ:y^^^^#^^c^i, k 

Q22©3 1/^ *^V(B2C3WftsW"«»iai. 

«aai©3e«»tbT7 2 -f^'V-5?a*i6. 

>2?^* Q22©3 1/0 * W&tf:4-7©H$fCtt h9>5?* 

# Q22tf>^ **tfcVQ22c*«iftrt-*IS*. ^ 

*Ci ^h^>^^Q21©3U^^miSStC«fcoT5 L -V 

[0 0 6 8] *r, 02O*tC^-r^-f ^>yo, ap 
*>. WNKAI$J:y. *WBX*-I*T*?W5 0*&$8 
S§iP8$&* -f S > >rm^T S #5£& *IT < S *T?©IHtt. 
TDSTART fig?<OS(4l±^a!l65lCHl/^;i/ (J&ifVcctH 
«fi) Tf*y, VPTOSTART SS^-liOVT'feS. «fc 

ot, VPTDSTART «7-J:yftrta*l*h9>j;xdfQ23 
©3l/^*«Btt01»»y, M»^.-f>y^8 6^h^> 
Q25#L \"<)\,-Z2bZ>f>\ Y^yV7,9 Q23©3 
U^^mSfe*^0T'S>S©T% h^>S?X#Q22GD:3l^ 

[0 0 6 9] ^3(C, ^-y^HIi!S8 2©®&©©8&&£ 
aVTHl 9 VPTDSTART 9B?©«ifitt*0 

V, h?>^«Q3i©3U^^«SfE(d:0AT%£. i 

©^m. S5>yx^Q23© / <-^fittV cc T'fey, 

^&X>f >y^-8 6fCfcV%T, h^>^'X^Q23©3l/^ 
0 AT'* »J , h =?yV7. 9 Q25© / <-^«fii* { 
L l/^;i/T'*S©T% h5>3?:*drQ220>:2l/?#m 
liOAt^S. 

[0 0 7 0] *©|fe, *HBB»&*>f$>yfll^TSS:ii 
VPIDSTART WT^MtfiuWHl/^fcft*©^ 

-f V ^ 8 6 tCfe V \Ttt h 5 > ^ Q25*^ L U'WC'fc 

J:**b>h55-E»8 7Sr^L,Th9>2;^*Q22 
> ^ 9 Q 22 © 3 \s $ 9 Wmtfb 9 > S?^. # Q 2 1 © 3 U 

^ #«sfy: y **m»^ictt Q22©3 

;?SfirVQ22C> BP'S, TOSTARTJ^mfi tt. t^^(CiST 
•f*. -fLT, h5>5?**Q24©'<-*«ia#l»9:' 

i?^.* Q 2 5©^-^«&i:raafi^L < li<fc yigrt-s 

T. h^>^*Q22®^^^^«SS^^^'5:y> K 
9 > WX 9 Gl'&V>'<-7Jm$L\S. V^yJ^Z Q24©n b 

f*«fcJBWRiii:T!«**«te«'±#'ts. zi©is 
fa*^, ^>r^>yT0T*&s. 

[007 1] ^^TO&iS^Sh, 
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»J±#-fsigfgic, jenx* a Bifigmu v^y 

>S^**Q22<Z>=H'*# , ®8£. =r>-r>-y-Ci CDftlfC 
J:U!fces*i*. z4xe>©it&j»IEK:S0fe'*-*£i:K:J: 

[0 0 7 2] Z.<7>Z^t£gm\Z&^T, h5>5?**Q 
22<D^ 1/9 h5>2?** Q21©3 \>9 9 «SSGD 

(K?>S7**Q22<Z>=il'?*Wft) ~ (h5>^X* 
Q2l©3U**«SfD 46«»k)WH<iS!»;. 
>*Ci S>. ¥4ttv-VZt&MS0mi!k 

10 0 7 3] d©J:e>fc58igllB&8 IfflSBHfflAfcLT 

> 2 Q X (BKrB-f) ©X* y *SftVQXE Offi* 
i89£2>W 6>*i&. x * y # SffiVQXE oMmtn b * # 

[0 0 7 4] &(C, y ^111118 2 Olffi&W&fc 

WB^T 0~T5 Sr^fS fefe, 5 V 8 8^6 

*#Q31~Q33*e 1 offl*-f-y*- 8 9a * 
£~ Q34~Q36?l-D0)^.-<«v^8 9 b& 

JRfiltl/O**. «K*>fv*-8 9 afcfcwrtt. IftlBh 

Q3303i/9*m#*->0>Hfc v^yy* 

*. *>f yf 8 9 MCfcwCWu H9>y^*Q 

[0 0 7 5] h^>i/^^Q33<Z)^-X5:CLK , h^> 
^^Q36CD^-^S:/CLK . h?5>yxdtQ3i®'<- 
*£DATA0 , h5>S>** Q37©x* SrtfcfrQilL 



(11) WBPF 9-3 21 3 7 6 

20 

Q=CLK • DATAO +/CLK • Q 

[0 0 7 6] Z1^T% t(B£L&J:^(Ch?>^jiQx 
(02O#f8D ©X* y*«ffiV(BE > "3*»J. 

5>^T0*^Hl/^T?ffi2rtM*WB£**. 

h 5 > * Q38. Q39^"C'8&?£<* nstll 9 0 14. 

* W 5 > V T S * T*tt«*# 0 T- * >f 5 y iTT S fc£ 

Q\t* ^$>yT0£-CHU'<;i/i:fcoT^5„ *-f* 
>^T0t?fcSt, /CLK (=Vqxe ) #Ll/"0l/T?h 
7>^;**Q31<DK-XAiJ#DATA0 T-&50>T*, ffefr 
Q»TLM;bi:&'J, ^W^^^TO^K; 

[0 0 7 7] BB5%L/«sVS>cSTfti. CLK 
20 h5yi?X*Qsnto=-$ «y ^SfitVQ37E$:DATAl i;-r<5 

Q' =/CLK • DATA1 +CLK • Q' 

£ir&z£X\ H2 0(t»ICVQ37(i)EWr*-f$>y 

©^.W yf89a li, /CLK 0Dl2Lh»J x-y J/*©^ >f ^ > 
^T'A^-^DATAl (Ll//<;i/) fclfjAU Xt)?— 
^DATAl ^Lb^UC^^tlT^SfeftLb^l/CDm 

[0 0 7 8] fitT, HH»JC#>f5>y«*T2~T5fc 
30 ia2 0cfJ©VQ37( n )E Cfetf* 

"n" («Jl~5$:^1- 0 

[0 0 7 9] S6IC. 01 9{C^-f<fce>{C, ;?>f^>y 
5 Sr*riM-6JM«aC!)5'S/^ia»8 8 L tCfeV> 
T. h^>^#Q31©3^*««tt«aB»8 1* 

B&8 1 $:Sg^&$-B:S«ffit$4^T^^S= «£oT» 

^ Q23CD^-X«ffitt^ >f S.yiTTSfrbZ'fS.y 

[0080] i6aes!#^$>irfli^s:^jtt6 

f#T0~T 5 S^^6fc»JCtaBBiiMf«:fflv^T 
!8iSli«5&8 iS:fflv>T«i^-rsz:ttc«k»j, ui-, ay 

50 f=>*ci *lsi (^saas&3 2) jfcmttvm^t 
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Tfc, 3SJBEI&8 l©*>fS>r&§£Kt2£t-Sz:£: 
feJBV*T#WOfc»#, 5 

©*MR^©l»feS»&v^ffi2^fc*W£fcfc 10 

[0 0 8 1] -jjg^ ifmfltu— fl* 3 . S^?- 

4inKcti. u z<Dmwmm*)\ ± 

^KttlflBtti&v 3©Ja88S#tt#«fc < ^v^-ic 
tt, *»U J^©*-f3>W-JfeT?**»£K:tt» - 

*fe»©ia»fciaiirt-*3&>. rtw*. ±iz£©*-f^>y 20 

»©j:-5»c. *-f*>y£j*»4 7«$os§o»8 1 *m 

r. *o, ^©-f-^^xBawtfiK 

j&v^©t. m^t^tt^wmhttj -i/v 1 ?^ 30 

B&8 1 fcfflHT*-f ilS 

tc*0pB8R©9yf-ia»8 8 Srjffl^fc^:^^ v j-mm 
8 2fc«WBifcKJ:y, *?K«HBj«S-li»*. 

[0 0 8 2] m&©*-f s^fW^Kiiyftiw 
S4x*>f=.J/-V5>fX*0t»8iM^&H2O©dr>fA^- 

k 02 1 \z^-m^m^mmmA Gnwm 

*>f^>yTSlC!M!lW3&*7««J:y»a8©« 40 

z<D*d&&tmt*. 

riffl|J4 2tcfev^JliBca8fea*iTV^«t»©i:"<-«. fL 

? U 3©^£*>f^>yT5£T'8£ft' 
Lfcffc S^TSfiWfctgfe©**?-* fcgW- 

■WS-fr&fctotcidu imfou— !f3©ftffl;fr£§&£ic 



9-3 2 1 3 7 6 

22 

%MffiWl--76 lC«fc y ffiffdftS. 

[0 0 8 3] !f3©^m*li> -f=.5/*9>f 

r, H2 0IC^J:S&J/-*>*IMts*:SSffr*£i: 

cj:»j«»«?«*&-t©*»ctteBu sirejfcingmgfc 

[0 0 8 4] EH2 0*tCaWJ:i«d|yc3totfc*7"fey 

vsmtomft. hp-*., iw^@siiiop-i6^isaEi 

th;WIKHKP«*T?**©-& ' tteMra&Hftttft4 6 
tpafryfMs-fr KE» 8 3 tc a3tvC£©iK)'fcttHJ 

IP&Wlctt, 3©M#uu «*«3fci*i:*7-fey 
h«*i*i:©iaK:feW*» &StRe (01 6#M) ©3g 
^MWttwiBcffia"*-*. tt»HIMIS4 4 fcSifiSiSBE 
i/7hB4 5*Wf^LTV^WR«WcfeV^Tt*. 3©g 

l£M*i*gt§4 3©h5>2?**Qi2 (01 0# 
M) ©2 o©4r-XK;!5WSx5 y df«ffiffl»C{fe£-*- 
£. S^#§3t^©3©h^>^X^Qi2©x* 

TttOT*ofelBt«E5/7 hSP4 5©Sfi^7 h4£ 
iPllC«««36»4 9K:J:»J»^K:SEfba-ttT. tulHM^ 
M&4 5{Cj3WS^tR2 (EH 0# 
fig) ©fMaSEfbi:-r6ifc(CJ:y«d*?iWS€:«kfli-r 

[0 0 8 5] 8fflica. 02 uzm-r&^izh^yvx 

#Ql2©x3<sr*tt& BP*), VCOMP 

*Q42©x* y#7*UV9 1 fc^LTh5>^*Q 

43©K-^. < Sfii;^:S„ 3©h^>t?X^f Q43©^-X 

mmth?>i?x?Q45&x<m&2nz>w8m9 z&m 

W.ti^.nX^^fSit, h^>^"X^Q4i, Q46, Q47. 
Q48*^*WtS tlS JK;Ur-- S?7*nr753KlJ:yh9 

T0TSi»9 2©mSis$:7f-7$-B:«)i:, H5>S?^# 
Q43©'<-^«a©SEftttVO0MP S»?©«fiBEft:«:*© 
*£aVT„ b*»U h^>^x^Q44©/<-^.mCilin 
>^>-9"C2 ©^S^gv^ifggfb-fr-r, ^-f^>^ 

S^c^fi^© K5>2?^*Qi2©x§ zmkttyzf 
)lfc-)lF-?Z>Z\£tf*im£te : £>. 02 0*©TSPtCZL 

[00 8 6] ■9->^*-;bKStifei*i&fflh9>y 
X^Q43, Q44©^C-^W&«:h?>s;^^Q49, Q50 
^fCj:5itig£S8 4 lCA*bT-e©^/h&Jt«t-tS„ 3 

©jftgs^s?: * w 5 > ifm^T 1 ~t 5 tcmai lt* ^ 

<;g[J4 8lCT^p-rSo S^ot, Z©**EU»4 8tt, 
^c«^MS:0^L?5:v^ itK#§8 4 <Dim&,Ji*9 
■i 5 >^ft-^T 1 ~T 5 lCWaBLT^U#S«tl$:^ 
LTV^tf<kV\ MAIS, ^ s e»J»4 8tt*-f 
«»4 7Tf«^fcJ:^ft5«©7yfB»t«*U it 
«»8 4©il3B8Cfe^Th9>S;^*Q43fll(©'<-^« 
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[0 0 8 7] Dn3SmSSI8^aJ4 9 1±, 2&©g|&*>f «v 
*-e«&££*l£5te©*-fy^^ 3ti?)©^>fy^gP 
©fKJtaMC««E&#il&1-** l/> M 5-Effi&fc. 

S4 5) ©ffi*t"r**i/>h5-5-ia»i:»cj:y«« 

SftTV%ft„ -ZlfC, 5^S©^-f y^WICJ: »Jlfi*»IC 
5lfyh©D/AjBil»8 5jBq**S*U £*l&©*-f 

***©««»*. */JMf* MB** I lfci-Si:, * 
Otfy h©X«f y^&T*ll2 * I 1, £6>{C_fc&bTy h 
©*-f 9?flS&IC4 * I 1, 8*11, 16*11 £:& 
5<fc-Mci2££*VTW5 0 ZlttfCfcy, *>fy**£flc 
©tftfrtt»fcLTM**3 1*11 £&5 0 £©HMC 

wmm® g*»«E5/:7 m»4 5) icev^Tiajgsn 

- (fmfflWmilth) ©***J:y%j*&<fc<&.fc-i 
[0 0 8 8] 3.Z.T*, *W^>yT0tC, 02OlCjjVt 

<fc e> fc^flci/— if 3 <D%&±s*m3m$m& v*? 
•fey hSbteWBfc-rsfcnBHc^w ?*»©«±ffiiry 

*ffl©W««:§ltl^K:&^5£i:fc:.k y«ffi*>7 sgp 

a;i/-^6 ds^fionsMc «fc y i/— tr 3 ©#*&&# 
y, vgomp S6?«)«(flaaEfti-*. iffl.k^&asffea'fe 

©%&©VC0HP ^©«&t^f^tflffit$©VC0MP 3g} 

^cDn&tzimtz. j**©*s*** s eyw4 8ic* 
s. vcomp ag^omfeb^^^g^tcfe^s-e^m 

*£J:y*Sv*fcSttlBJfe«:*7U iWC VCOMP 

tiisjt&tf^-r*. ::;it% #>fs>irro~Ti (t 

1~T2, T4~T5%IUta!) tt, i©IHKC3t • * 

[0089] *>$ p TllC;i3VvT ; &#'f ^>^T0 
©$§££: HrtiSlC, ±{4 2 t^y h S £S&ffi!llftlCffi;fr;*-fr, 
* -f ^>^T2lCT^©ijg^S:SIS^tS. IIIC * 
>f ^ 2 {C fcV xT&tf}B£©VC0MP i&?©«e£ifc*; 

*&HMN$©ygomp m&awSLt&iMU -tojfisae 

«Jfe-t*. 43B6©J8H-ei&. SfcfrfiW?2$: 5 ify h 
#©D/A©m§rC'&ffiLTV>£©T*, 5fcfyMk H5 
#»C«yigOTffi. d©«$©/<-*m&©^t©t£? 
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fcBa*?«£. 02 OifWT&ICn*? h 4 Q44 

tt, Ttfc^y h.fcyjWc 
l. l. 1. 0, l 
fc*iofct§£©«Bgfc5*LT^<5. 
[0 0 9 0] *|yg®^«ST'li, !St9*^^ffiSP4 

B&xm*mmim* 9 ©&&«££ 5 ^ h t lt 

tf. 010 (b) KS^&ffiAfl&BKiasvvr, Ps#© 

io 3tffi*»jW»Hi©3fcffi*i:a:y, * • w&mmj\<-zr 

[0 0 9 1] l32 2tCA-fd<-^h^>^^S: 

fl§v%fe^8RBPl 0 1 ©Effigflft&ttlfcn*-*-. KfenTtt, 
h^>^^Q5i, Q52. »WR21. R22. R23«T?« 

V- (Q 53 CDX^>v^«fe) -Vbe 
Vbe: h^^*.*©^-*- X*«y*R3Sffi 
20 *WKJ:yfc**<»tUkV\fcSK:h5>i>;**© 

^>^Q54. Q55. Q56©*^©^^V*«fifcWaBBf*tt 
&J*fe&v^ScJ£«tefcai*. 02 2{c^flii&«^©^ 
h9>^jtQ54®x$<yjt(c^AR24t:jKMrt<& 
ii:lCj:ySl»i*«ftS:*U5/h$5-ia»l 0 2T**f 
yigfi4:K:J:y#TV»*. 3Wa'J. ^0SS2O 

«Tfflv^*««awfti«sn«. o*y, i»i3 2 
p n p h 5 > vx. * &&nsmsi5^T^ 

© h 5 > S?^ # ©X ^ y * {cgg^s^-se^tcfc y 

*©«»«w«»«a*i*. 

[0 0 9 2] ife, **-hyy?W5 otc-^v^TBffi 

■rs. i©^*-hrv^W5ot*. wsQSAi^icm 

«EVcc3V*«»i*©ittCJt"*-**-e©J(BIBBC, ^fls 

i/-if 3 (ci&^asfeb^tis i tc «fc y 5§^-rs^<* 

U-1f3©«ft^a«^&fi{BH-*«B«:«i. 
^#-hry^W5 0l*iWB*>f$>y4j«IIJ4 7{cfe 

z:©^^- h7y^Sl$5 0(i|g2 3 ic^t-«fce>ic 

SP5 o bfc»cj:y«wta*iT^a. 

[0 0 9 3] fl5l©X*-hTv -/SP5 0 al- 

ii. h5>S***QBl. Q62'5#MtSn*iaftX-fy^- 
1 1 HCfe^T, «WKEVcc*«0VJ:y**iajfe«tt 

*T?tth5>y^*Q62^*>^Tfiy, , S2i®Ev C c 

3W*«afe«fiftjaAT»ife©tt!fci:«:««HTtt h ^ 

> ^ ^ Q61 S J: $ tCSStR3i~ 
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tBEE©/?fj£©«tfc#5. 0 V©S£{Cfc^T, 

*&#2~3 vmmizm£Lt=.m$\zit£ 

ffiS©l^&LTV^£W:lrVtfc^tf, 4. 
we-r*itf (»9niH&ft;tfffi&©l&fEfc LTV *6 £%1 

T«kV\ -g-ZlT*. ±IB©*-:*T'tt4. 5VtC|8^$tl 

[0094] mmiz& H2 3jca%i-j:-5Ku b^s; 

J*. # Q62© ^-^ftffitt K 5 y V7s # Q63© 3 U * * « 
>y^7*n^l 1 2fc*M/r*ffit/7hLTV* 

64#*"?LTV^^y S5>S;;*#Q65©:3 

'^*Q63©3^^*«teVqB3ct*. 

Vq63c=Vcc-Il * R31 

iu&So ~ mil ttVBBWB?*»&«»an*« 

2>%^ffiT'3bZ><DT\ Ii * R31 

S8K>£*i£©t*, •antEEjyoveaMaiwtii *>o 

ffitcil^vvWSKliiitaftsot, z-ov^yy 
Q6i, Q&Ttt&a nssite'r »>f 111^ 

on*mBLTfey, mil fejfemtcfeoTv^* 

[0 0 9 5] h^>S?;**Q65©:nb*#®&:V 
T««a*i,*«WW©m*l2 ii-tSi:, 

Vq65c=Vcc-l2 * R32 

SIT, ^5tR34. RsSJWfbV^ttlB&^-r 

*=&©£ LT^R36&Sfcft-5®SSE£#;t.5 fc, 

Vcc= (12 +13 ) *R36+Vbe+l2*R35 

fcfts. mis tth5>5>;**Q68i:SttR 

37£T*Ma*££maK©ma. Vbetth^>^ 
tf©'*-;* • X5 y #mEET%S. 
[0 0 9 6] J^CJ:»A 
Vq65c=l3*R36+Vbe+l2* (R36+ R35~ R32> 

tteZo zzx\ i3*R3s «mii tmmzsm 

ffcfc&y* Vbe%i««-j£«fifcfcS©T% 

R36+R35=R32 
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U . h =yyV7s * Q65©=l l/* * m<4Vq65cli-£«& 
Tf*y, h^>^*Q63©='^^*SfiVq63cttaai 

mvccwsev^ww*. ^3T% 3t#©m*asc 

CTh9>5?**Q6l, Q62"*»*Sft6»&*-ff*- 

1 1 i««a&#>fs:/^;M>*>jrsi»i4:# 
*rtBi:fc-5. ^©Mm. tattEVQc^ov^MSS 
Jg«tfiBC3t+**-eJ4. h9>S^.*Q62#*->LT^ 
10 S. £©ttmi*. h9>S^*#Q62&8K*Vg>nU*# 

mttAuo/M^-oatti 1 sicfcy^eatu 

y*?X9Q69, Q70#*>£&S. i#ucj:y, TDSTAR 
JWMSUffWfcLTtt. S3t^^-4©PDSg-f©S 

®.*mfm\zn i"<)if?zztnz£ vwmmm&2 3 
©fflAsqwiaw&Li/^i/fcan*. 3©«te>icLT¥ 
u-if 3 ©jireiAimtfifcri&v \ j: -5 tcjpfij-rs ~ 

20 -rssfcT?, *-f ^>^^SP4 7ic&t?&a&8lKfe 

attwwc^BL&v^-jKUWB-r*. -tux, m^ms 

SP4 7 tzn»&mma<Dffl8m*mBcr& 3 iitct 
y^awfift-^fc-i-*. raflrtc, mmm^yftmst 

[0 0 9 7] ftfe, *IU6©^T*^ ^Ji^fl-^^ 

30 f&mi 2*2 noD/Amm tmm^^&mm 

1. 2*»»4 2a, 4 2 bilUTM?!fl^-rS3t(C 
J:y«WtLfe)W. H2 4Kl«m , t*J:^KU 2offlD/ 
AJB»»«:#»fl:S-&T 1 o©IUB&i: UT^Ji^fi^ 
^BP4 2tUT^1-S«fce>tCLT : b«fcV% 0 ItltCi 
♦Wf. Hl5WB«:*fe+a«W«JlftanTV»*©T*. 

[00983 mz. m2 5t*mtiiv— pgimmsvi 

m» u-if 3 A^f b-T s^-{c#^©^bT*fetili, 3t 
40 • S^AW^u-^e iimigi&SM 4 ©mi^icis 

V^T-t©ttS:«m"r*Ii:T'«3feW»S36«. *ttfC^b 

3 2©flBB©fcftjc^b*m»«^WT**a. ^ftcu 
— y^^msui 2 itti©fc«>wRtte>4vr^*. 3 

©E»©iW^4: bTtt. i|m»»U— !f3K:oft««*LD 
«?©«ttVLDS:fl!KcKaU *>5J:bi^«fi$:S^fee> 
x9-jg^LDERR3^ J:yx9-^$:^gp{Cffi*1- 

EI3^J©®S&T*fi, mtoTyfi 2 2\tb^yV7, 
9Qsi, Q58CJ:y*Wta*tT^*. K9>S>*#Q5Q 

50 tc^^. e>nsjtiKmfi«ia 2 2 c * y bw u tz.mm 1 
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58#*>£fc'A LDERR3&?- «fc *J h^>^**Q59©3 

[0 0 9 9] 3tUCj:»J, imfcl,— !f3«^&ftLfcU 
U LDSS^)m&VLD*^IlC_h#-rsz.i:T\ 

[o i o o] m^x. *$&m<Dm=.<nm&o>Bm & e 2 
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#ic-r-*3E&g|S6 1. A;i/^(@@iai56 zaM&mz 

^JBUcfctf^-^gQgsisi e^^flBOiasi 7fc 

<fc SfftSS0¥fcg§ ut, P Wonted:* P Wd a «k 

&„ BP*), Dni=D n i' , D^-D*}' fc-f*. «fco 
T, MAfiEI7tCfcV%TI&SSl52 2, 2 4 &#«ST*£, 
f-#SSI»l6CiT»6«&u ^^(BOWPl 

7{c*N"ST : - : jrijig(3D^!a5:^p ) -rzii:%;T*gS. 
[0 10 1] HP*,, jgllTa>IWB5KjgVtJ:-5tc-r*i«J: 

[0 10 2] 

GK3] 



PW .n= X 0 CX n- D »3 +X .' " D .3 } +X 0 "V D .3 +X .' ' D .3> 

<4) 



X I *=> B I D .3 D »t + X 1 D nl D «3 D .4 + D »3 D n4 



X 1 ~" ^ X B' X 6' 



X 7 » X H ) 



tD nl D n3- D .l D n2- 0 nl D .a- D nl D «2 ) 



X . = X J D .J D .3 D .« +;>C j D .J D .3 D .4 +D .3 D .4 



D „J = CD .1 D .2- 



nl b3 d4 b3 n4 



j' - (X t . Xj. X 8 , Xj) 



= X 



D -J D .3 D -4 + ^ j 



D .J D .3 D .4 +D .3 D .4 



X j = (x L . 



x 2- X J> 



(5) 



D al =PD 5 +PD 6 



D „3= P 



D .4= D 7 



P D.+ P D , 



IB) 



[0 10 3] S&Ctt, iiS, A3rr<5-r-*#l£H& 

l£&*2 * NT*&»j, 0/2 " N~2 " N/2 " 

2 " N + 1 «fflffi*^-f — N©e> 1 o«V*ttgkHtf 



* £ LT N + l V. *j h £ftlM!HBfI9 1 try h t#£vg| 
y)i*y (0/2 * n) &tf:7;i/#> 
(2 - n/2 - n) \-s&&mo& &&mme>ft*ix- 

^-&ig^CQ*ISfltl/2 * N~ (2 * N- 
1) /2"N (2X (2"N-1) ) ffiO$t2 * (N + 
1) ®<DXT-bt:ti!,tl-rZ>&t>lZ-?MS. N+ll^y 
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[0104] MAtf. -r-*#l£4 h t U 1 K«y ' 
hS£»J9«Pffll (0/8~8/8<Z>9#T'&y, 0/ 
8 (f^Ctf?) , 8/8 (SIC^» , #^£^BrX« 
£^±tSg£tf>l/8~7/8©ff-l h 

&-r-*?!j£:-**ui. l^'vh^v^-^^jT-ratjpg 
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£. 

[0 10 5] ftttlftlC ff^?ay?jm!t&24gfC 
-fcffi4 tf«y K T&4 tfy hT#* 1 K* h 

sty Ks» hffiawwfc^ftfcQflBWfc-rsf*-**!! 

[0106] BPt., (7)(8)(9)^(7)«J:e)tCi-tl««J; 
VN„ fefc, (7)^rC*X n , X n ' , X m , X m ' tt(5) 
5£lC(j£e>. !&g»r--*DpkteM=0OTi:£, 

[0 10 7] 

GR4] 



fV X 0 (X . D »5 +X n ' j\s> + tX . D .5 +X .' ^S 5 

pw ,„= x o < x . d „b +x .' »*> +x o < X . D . 8 + V D .e' 

(7) 

D Bl = M (PDjtP^) +M~ (D 7 D s +"d7d^) 
D n2 =M <PD s +7d^) +M (D 7 D 8 +D^D^J 

D, 4 -MD T +MD 7 

D n8 =MP + MD 7 D^ _ 

D Bl =M (PD 5 +PD 5 ) +M (D 3 D e +D,D 0 ) 
D, 2 =M (PDj+pf,) +*M (DjD^Dg^) 
D l3 =M P + m"d 3 
D i4 =MD 7 +MD 3 

D. 6 =MP + MD 3 D 0 

(8) 



D M =MD 4 + M 
D ,»= MD i < k=0 " 



3) 



(9) 



[0 10 8] 3£>{c, Wb^WaWPl 71CBBLT, !fe 
#£tCli, (7)j1»CfW.T(10)*©J:^«ilMBS;fe«^ 

—9*3 ftgwBwtcjiKnsv^tt^a**-^)^**. 



[0 10 9] 
[R5] 
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pw a.= {x o 'j^S* V J\s> +X 0 < X . D .S +X .' D .s> > x 

s vi s V2 + s vi s n 



PW. 



* VI S V2 + S VI S W 



■6 n 



D .6> >* 



(10) 



[0110] 02OJC, (10)(5)(8)5frDf&3igSzElCtj£ 
oT AVl/Xt^SH&ff e> «fc 3 fCH^S tlfcf 8 - tfgE&SP 
6 l , rM/^MBBMS 6 2&tf 13 1 CD^O 10 

y**to*«fcft+. *r, ^-fSHItt&s UZitAtiZ 
tifelS^-^Do ~D 7 , &M^-*P2&.tfM& 

-r-#»Cg!&-f5 2o©i&31g|514 2. 

ftTHfi. dtl&CDflmitl 4 2, 1 4 3 0>tt}AttfCtt 

a. ^«y^EiS!&14 4, 14 5jWRtf&*i"0* 

5. Ift6«D5 <8^ESS 14 4, 14 5 (Ctt/W/^&ft 

mm 6 3 ^&<©m*tci6cj»y- MB*«:£dw*y 

- bm j %£J$ffl& 14 6 #981*3*1X^6. 20 
to l l l] $e>tc, /\Vbxi|®S8SP6 2ictev;i/-3 : -:7 

^1/^-9-1 4 7tt&fSg0K&SAn/:%Xo ~X7 
%©4o (Xi ) feAAfcU * MB^TfcS^/b 
xWEIWB^D n i~D n 4tctiev^AA«-#Xi oe>t><z>i 

©»#«WW*«i6«:}fr3. Y;^mi4 8~ 
l 5 oicovvr%iRHR' , c&<&. s&ic zti^v;^ 

yU^iM 4 7—1 5 0<Dtemz%'?J\&-7l/9-9-l 5 
1, 1 5 2#i2tte>*lT^-2>. V^^l/^-y-l 5 II* 30 
V^Wtl4 7, 1 4 80fli*tfc5X n , 
X„' ©OTifrt:* h«*T-»*/WaWH*»* 
Dn5. DnBtCffcHjWW*. VJI/^b** 1 5 2 Co 
Wt=&IM&-e&<5. V^^l/^lf-l 5 1, 15 2©|tS 

uT(10)5£®i&S&C(jEVVt;b*PWda, PWon&^-t 
54ND4*-h 1 54 a~l 54 d. OR4*-hl54 
e, 1 54 f tflSWejtlTV^., OR^-h 1 54 e, 
15 4 f ©titfjtcte*^ >y^8Pl 3 1 *ffi&t&-V)\rf- 
^1/^^15 5, 1 5 6*Vtt££*lT^&. Z.tlbtfVv' 40 

5 5, i 5 eamamm^m^sn^ 
t*a«MfiwaB^fli-» sw2Ki(sev \ o r>f- h 1 5 4 e , 

[0 1 1 23 'CDi-^&^-tf^&SPe i % 

ISSP 6 2fttf*-f 1 3 1 li, #*KLrt>f >K-9 h 



^tiS^-^-^^SCD-MSr^-t-^^^IalS^l 3 4© 
«J*M£02 7tc^-T= Ai7-r£^-#£D, / 
D (m>\±) , fi^SrLfc^-^&Q, /Qt-t-Sh, 
Q = DG + Q (/G) 

©J^KUffifcTS*. oitj, ^yf^-hff-^GtfH 

- MI*Gtt. ^£A»BI6 3^fc«fe »J#8£-r-5 

^-N&^flB-ttUi, X n S:»r*fc«>fflSat7*- 
-X2-X4i:+*l«J:<, X. 

-*D„ S:fitfH-*fcft<Z>5v^-h«*G2 tt> G 

2 =x 6 - x 0 i:-rn««fcv\ 
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